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WETLANDS OF THE RIVER MURRAY FLOOD PLAIN, SOUTH AUSTRALIA. 
I. PRELIMINARY SURVEY OF THE BIOTA AND PHYSICO-CHEMISTRY OF 
TEN WETLANDS FROM CHOWILLA TO MANNUM. 


by P. M. GOONAN. J. A. BEER, T. B, THOMPSON & P. J, SUTER* 


Summary 


Coonan. P. M., BEER. J. A. Tompson. T. B, & Surer. P. J. (1992) Wetlands of the River Murray flood plinn. 
South Australia. 1. Preliminary survey of the biota und physico-chemisiry of ren wetlands from Chowilla to Mannuru. 
Trans. R. Soc. S. Alise M63), 81-04, 3 November, 1992, 

(Qualitative data were collected on the water chemistry and aquatic invertebrate tauna trom ten wetlands between 
Chowilla and Mannum on the River Murray flood phon in South Australia, Sites were separated into two main 
groups that corcesponded (o freshwater wetlands connected to the River Murray, and wetlands wit TDS 
concentrations > 1000 mgL ! thit were isolated from the main channel, Wetlands with TDS concentrarions 
<(000 maL! were generally low in nutrients, and characterized by the dipterin Cloitenülvtarsis sp and the 
shrimp Pararva australiensis. The more saline wetlands were high in autrients und characterized by the présence 
of dipterans such as Procladius sp., Ephydridae and Culicidae, 

Phosphite und nitrogen concentrations from most sites exceeded critical levels for culrophication. Nutrient 
conchment was indigwed by the hih chlorophyll concentrations recorded from most wetlands These results 
indicate that nutrient levels entering the flood plain need t be reduced m minimize tho risk of nuisance algal 


blooms during low flow conditions. 


Kry Wogos- Wetlands. Rivery Murray. biota, aquatic invertabrates, physica-chemistry, nutrients, salis multivariate 


analysis, South Australia 


Introduction 


Over 1600 wetlands are distributed throughout the 
River Murray Nood plain, lower lakes and Coorong 
in South Australia (Pressey 1986), Whereas many ol 
these Were included ir a recent survey of River Murray 
wellands (Thompson 1986), little has been published 
on their biota and phyyico-chemistry, Thompson (1986) 
provides some information on the water quality and 
dominant Mora and fauna of the 248 wetlands included 
in his stedy, Geddes (19843 & h, 1988) gives a detailed 
account of the limnology of Luke Alexandrina over 
several years, whereas O'Malley & Sheldon (1990) 
describe the results of a survey of the biological 
communities of the Chowilla flood plain, Birds have 
been deseribed from some areas (Tubbs 1928: Schodde 
& Glover 1955; Mack I961: Cox 1973; Simpson 1973a) 
and Simpson (19736) discussed the distribulion of the 
mammals, reptiles and amphibians between Mildura 
and Renmark Lloyd & Walker (1056) reported the 
distribution and conservation status of the small 
freshwater fish throughout the lower River Murray 
flood plam. 

This paper presents the results of a preliminary 
survey conducted during May-June 1990 nn the aquatic 
invertebrate assemblages and physico-chemisrry of 10 
wetlands distributed from Chowilla to Mannum. The 
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Bag, Salisbury, S. Aust, 5108 


Lipy, La, Muller, J, & Balla, S (1984) "Berri Evaperation 
Basin Study" (Depr Zoology. Univ. of Adelaide, Unpubl. 
Report tor N PWS) 


aims of the survey were to describe and compare the 
limnology of Hood plain wetlands with different 
hydrology and geomorphology, including anabranches, 
swamps and lakes. The emphasis of the work wets to 
sludy the biota and water chemisiry of regulated 
wetlands. focussing on evaporation basins. This survey 
is part of a larger study which aims ta (1) generate a 
comprehensive baseline and comparative database on 
the aquatic biota and physico-chemistry of selected 
wetlands throughout the River Murray flood plain in 
South Australia, and (2) investigate the effects of 
various chunges in the hydrological management of 
regulated wetlands, 


Materials and Methods 


Selection of Mudy sites 

The location of study sites wits based on those 
previously investigated by Thomspon (1986) and Lloyd 
et al, (1984)' to enable some comparison with the 
available data from previous surveys. Additional sites 
were sampled [rom sonic wetlands to examine 
between-site variation, 

Pilby Creek was the only Wetland included in this 
survey not previously studied by the above workers, 
Sites were located on cither side of a causeway which 
restricted water flow, enabling comparison between 
two sites in close proximity. with different hydrology. 


Werlands surveved 
‘The wetlands sampled in this study were distributed 
from the Chowilla flood plain to north of Manoum. 
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TABLE 1, artian oml physical characteristics of the 10 wetlands surveved atong the River Murray Povd plan in Suuth 


Avstnilia during May-June 1990. 


Siw Sais)" Wetland Acronym Location Area (a) Hydrology and Geomorphology 
1.2 Pilby Creek PILC 33"59'$ J40553 F 5 Permanent flood plain 
I anabranch | 

) Clover Lake CUOI 34" S 140467 E 140 Intermittent (ood plain swamp 

B Luke Merreti LMER 34 U S 3340 48 F 390 Permanent regulated tlood plata 
lake 

n. o^ bisher Ck Evap. Basin DISC P'S 130742. E 160 Permanent regulated Hood plain 
anabranch 

8 10 Katarupko Evop Basit KAIS, KARN 34726 S HO'E 42,36. Complex of permanent 
regulated flood plain lakes 

"I Bern vap. Basin BERB 34°18'S 14D°334 "E 325 Permanent regulated flood plan 
swamp 

12-15 Race Lagoon RAML 340S 139755 "E 91 Permanent regulated Apod plain 
lake 

20. 21 Devon Downs North DEVD 34" s 139°36' E 120 Permanent flood. plain lake 

IU) Wongulla Lagoon WONI. 34°43°S 139°33'E 120 Permanent Nood plain swamp 

1-18 Lake Carlet LCAR 34752'8 139°S1'E 330 Permanent flood plain swamp 


Hits 8 from Lake Woolpolool (3402'S. 1405437 F) was omitted as simples were not preserved. 


Details of the location, area, hydrology and 
geomorphology are given in Table 1. 


Phe location of sampling sites is shown in Fig I. 
Specific sie coordinates and descriptions of rhe 
deminant vegetation are given in Appendix 1, Each 
site wan designated with an acronym and number 


Collection and analysis of seanples 


At cach site, the sampling area consisted of à 20 m 
section of shoreline representative of thar part of the 
welland, Sites were sampled in May-June 1990 dui ir: 
a rise in the River Murray hydrograph, with a flow 
ot ahout 30000 ML./D recorded at the S. Aust. border 
iU npubl, Murray-Darling Basin Commission records). 


Field measurements madu at each site were pH (1C1 
211 portable pH meter), conductivity (ICT 303 ATC 
comductiviy meter), war temperature, dissolved 
i Yan (YSI model 58 dissolved oxygen meter). and 
Secehlic disc transparency. Surface water samples were 
collected and stored 1n air direc, airtight bottles on iee 
before laboratory analyses for nutrients (mtrogen, 
phosphorus and curbon fractions), pesticides, and 
majur ions (Cas. Mail. Na', K^. CO T. HCO,, 
SO; . and CT), 


Analyses of NH,. oxidised nitrogen (NON), 
dissolved reactive phosphorus (DRP), SO 7 and Cl 
were made using a Skalar automated flaw analyser. 
while WCO,, CO 1 and alkalinity were derermincd 


"Anon (1989) "Analytical Methods Manual — Inorganic 
Chemistey” (Suite Water Laboruory, E. & WS Dept. S 
Aust. SW.L. Report No. 30.) 
"Anon (1990) “Analytical Methods Manual Organic 
"Chenuistry^ (Sute Water Laboratory. L. & W.S, Dept, S. 
Aust, RWL Report Na 32 1 


using titralion against a HCL standard solution. Total 
Kjeldahl nitrogen (TKN) and total phosphorus (TP) 
analyses were made with a Technicon autoanalyser and 
Spectrophotonicter. Cations were analysed using a 
Labtest model V-25 inductively, coupled plasma 
emission spectrometer fitted with a polychromator 
Dissolved and total organic carbon were measured with 
à flame ionization detector. Pesticides were extracted 
in hexane and analysed using a Varian 3300 gas 
chromatograph. All procedures are described in detail 
m two methods manuals produced by the E. & W.5. 
Department. South Australia". 


Aquatic invertebrates were sampled from the littoral 
zone at cach site using a 30 s sweep sample with a 
200 am mesh dip net. Samples were preserved in 5% 
formalin and returned to the laboratory for sorting and 
identification, Invertebrates were identified (o (he 
lowest practical taxonomic level using CSIRO (19701, 
Smith & Kershaw (1979), Williams (19803). Matthews 
(1980, 1982), Smirnov & Timms (1983), Wiederholm 
(1983), Merritt & Cudimins (1984). Hawking (1986), 
and several unpublished keys prepared by one of us 
(PS). A voucher collection is maintained for all taxa 
recorded from the River Murray flood plain in South 
Australia at the E. & WS. Dept, State Water 
Laboratory, Rolivar, S, Aust. 


Water samples tor analysis of chlorophyll were 
processed in the field by passing a known volume of 
water through a 1.2 pm Whatman GF/C filter disk. 
‘The GF/C filter was placed in a centrifuge tube 
contaming 95% ethanol, which was then wrapped in 
alloil and stored on ice, Samples were centrifuged and 
then analysed in the laboratory using a Pye SP8-106 
ultraviolet spectrophotometer at wavelengths of 750, 
665 and 649 nnm. Chlorophyll a and b concentrations 
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Fig. |. Map of the River Murray flood plain in South Australia with site locations and numbers. 


were calculated using thc cquations developed by 
Wintermans & de Mots (1965). 

Collections of macrophytes and riparian vegetation 
were made at each site (see Appendix 1), and 
representative samples retained as voucher specimens. 
Identifications were made according to Aston (1973) 
and Jessop & Toelken (1986). 


Data analyses 
All biological analyses were based on the 
presence/absence of the aquatic invertebrates recorded 


from the 20 sites sampled. The sampling techniquc 
used in the survey resulted in the collection of many 
semi-aquatic and terrestrial species that were associated 
with vegetation in the littoral zone. These were omitted 
from the analyses. 


Sorensens index of community similarity (cf. 
Hellawell 1978) was used to group the sites on the basis 
of the composition of the fauna at each site. Clustering 
of sites was summarized in a dendrogram showing the 
degree of similarity in aquatic invertebrate composition 
among sites. 
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lbe differenee in aquatic invertebrate specres 
composition within and among wetlands was analysed 
by mullivariale procedures, Relationships among sites 
were examined by the ordination procedure of 
deirended correspondence analysis (Hill & Gauch 
1980; Gauch 1982), using the program DECORANA 
(Hill 19794). Salinity measurements were 
superimposed onto the DECORANA plots to reveal 
relationships between community composition and 
salinity (ef. Williams. ez al. 1990). The hierarchical 
classification procedure of (wo-way indicator species 
analysis (Gauch & Whittaker J98]; Gauch 19821, using 
the program TWINSPAN (Hill 19796), was carried aul 
to group similar sites together in clusters. Indicator 
Specres refer to the prelerential taxa used by 
TWINSPAN 10 distinguish the clusters. The 
TWINSPAN program was run using the default 
options. 


‘The data generated by Thompson (1986; and Lleyd 
er al. (IBRA)! were not included in statistical 
comparisons with the results from the present survey 
due 1o differences in the methods and objectives nf each 
study. Only general trends in the data frorn these earlier 
studies are discussed. 


Results 


Haren chemistry 

The physico-chemical data are given in Tables 2 and 
à As the preliminary survey consisted af only one 
sample per site, no data are available concerning 
fluctuations of the various physico-chemical parameters 
with season and changes in water level. Consequently. 
only major trends in the data will be highlighted ar this 
sige. 


tonic concentration 

Williams (1967) classified any water with u 
cobeentratin of total dissolved solids (TDS) greater 
than 3000 mal.” as "saline" Based on this definition, 
Berri Evan Basin, Ramco Lagoon and Piby Ck 
(PILCI) were saline when sampled. Other wetlands 
to approach this level included Clover Lake. Disher 
Ck Evap, Basin (DISC7), and Kararapko Evap. Basin. 
Converting ionic concentrations inte ionic equivalents, 
waters [rom these wetlands were dominated by sodium 
and chloride. and had ionic stumchiumetries similar to 
thal af seawater (i.e. Nat > Mgt > Catt > K, 
CL > SO, > HCO, ), The only deviations is ionic 
irends among this group of wetlands were Kalarapka 
Evap. Basin and Clover Lake. which had anionic 
siorchiometries similar to The more freshwater group. 

The remaining wetlands had TDS concentririons of 
less than 1000 meL, Sodium and chloride were also 


the dominant ions, although they represented smaller 
fractions of the total cations and anus respectively, 
Cationic stoichiometry was the same as Ihe more saline 
wetlands, but the anionic stoichiometry differed in thar 
bicarbonate dominated. sulphate im (i.e. Cl > 
HCO, > SO; > CO”). 


Jonie composition 

An inverse relationship was evident between sodium 
jon and calcium/magnesium ions, with sodium 
becoming more «dominant with increasing TDS, 
Potassium ions represented very low fractions of the 
total cations from all wetlands. The proportion of 
chloride to total anions increased with increasing TDS, 
while the proportion of bicarbonate decreased. 
Sulphate contributed 10-24% of the total anions, with 
the higher proportions generally being recorded from 
the more saline wetlands. Carbonate ions were detected 
from the more alkaline wetlands (pH 8.8-9.4), reflecting 
Ihe eflect of pH on the dissolved CO, equilibrium 


Nutrients 

Ammonia was present in higher concentrations than 
NO N oat most sites. although at some the 
concentrations vT bath forms of dissolved nitrogen were 
negligible Qe, 041 mg). The highest NH, levels 
were recorded from three of the more saline sites 


(PILCI. RAMLIS, BERBII). The highest. NO,-N 


concentration was recorded al DEY DZD, which also 
had a high NH, concentration compared with the 
ollier Fresnwaler sites. TKN values were generally 
higher at the more saline sites. although low 
concentrations were recorded from Disher Ck Evan 
Basin. 

DR? levels were relatively low al all wetland sites, 
hui were highest at the more saline sites of PILCI 
RAMLIS, CLOL3 and BERBil. ‘Total phosphorus 
conceniratians showed z similar trend às DRP and 
TKN levels, with the more saline wetlands generally 
having higher concentrations of phosphorus than the 
freshwater wetlands. 

Nitrogen was mostly present as organic forms at all 
wetland sites. Ht is difficult to comraent on phosphorus. 
however, as only the dissolved. fraction of the total 
reactive phosphorus was measured during this study. 
Despite thes, the DRP results indicate thal inorganic 
phosphorus was a significant comributer tn total 
Phosphorus for RAMLIS. DISCÓ, and PILC2, 

The sites DEVD21, KATS, KATN, DISC7, LCAR 
and WONL were depleted of both nitrogen and 
phosphorus in dissolved inorganic lorms. The latter 
three sites also had the lowest TKN and TP 
conceatrations recorded during the survey. 


Organic carbon 
Concentrations of total organic carbon (TOC) and 
dissolved organic carbon (DOC) were highest al the 
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TABLE 4. Chlorophvl] concentrations recorded from 17 sites from Chowilla to Mannum in South Australia. (Units in pgL*) 


Site" Chlorophylla Chlorophyll b Site No. Chlorophyll a Chlorophyll b 
PILC ! 114.8 31.4 BERB 11 60.0 22.8 
PILC 2 17.2 5.8 RAML 12 3253 7.0 
CLOL 3 42.1 10.6 RAML 13 9.8 5.9 
LMER 4 21751 7.6 RAML 14 99.6 37.1 
DISC 6 Dres] 4.1 RAML 15 255.8 83.8 
DISC 7 352 16.9 LCAR 16 1.2 0.2 
KATS 8 39.1 9.6 DEVD 20 10.8 2.5 
KATS 9 69.3 15.8 DEVD 21 3.5 0.6 
KATN 10 44.1 9.4 


“Datla not available for LCARI7, LCARIS and WONL 19. 


TABLE 5, Occurrence of aquatic invertebrate taxa from 20 sites surveyed from Chowilla to Mannum during May-June 1990, 


Taxon Occurrence Total No. of 
(Site No.) Occurrences 

TURBELLARIA 2 l 
GASTROPODA 

Unidentified snail 6 1 

Patemopyrgus niger 16,18 2 

Ferrissia petterdi 4.16.19 3 

Physa acuto 4,9.10,12,15,16.17,18,19,20 10 

Isidorella newcombi 16 l 
BIVALVIA 

Sphaerium tasmanicum 16 l 
OLIGOCHAETA 1,2,4,8,12,13.(4.15,16.17,19,21 12 
CRUSTACEA 

OSTRACODA 2,3,4,6,9,10,11.12,13,14,15,16,17,19,20.21 16 


COPEPODA : HARPACTICOIDA 
Arthevella australica l 
COPEPODA : CYCLOPOIDA 3 
COPEPODA : CALANOIDA 2 
AMPHIPODA 
Afrochiltonia australis 9 
ISOPODA 
Austroargathona picta 6 
CLADOCERA 
Levdigia australis 3 
2 
I 
1 


748,11; 
3,4,6,7,8,9,10,11,16,17,18,19,20,2T 15 


Ilvocryptus sp. 
Daphnia lumholtzi 
D. carinata 
Daphniopsis pusilla 
Ceriodaphnia sp. 17,19 
DECOPODA 
Macrobrachium australiense 20 l 
Paratya anstraliensis 2,4,6,8.9.10,13,14,16,17,18,19,20,21 14 


ARACHNIDA 
HYDRACARINA 4,6,13,15,16,17,18 7 


INSECTA 
EPHEMEROPTERA 
Cloeon fluviatile 19 
Tasmanocoenis tillyatdi 9.16 2 
ODONATA 
Ischnura heterostricta 4,9,10,16,19 
Austrolestes sp. 21 
Juvenile Zygoptera 2 
HEMIPTERA 
Anisops sp. 3 
Anisops thienemanni 2,8,9,(10,14,19,20 


TE 
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aSR — refers to voucher specimens in the collection at the State Water Laboratory, Victoria. 


Taxon Occurrence Total No. of 
(Site No.) Occurrences 
Micronecta robusta - M. gracilis 3.4,6.7,10,11.12.13,14.15.16,18,19.20,21 I5 
M. annae 16.19 2 
Agraptocorixa eurvnome 1,3,10,12,13,14,19.20 8 
Hydrometra sp, 16 I 
Mesovelia sp. 16 I 
COLEOPTERA: IIYDRAENIDAE 
Ochthebius sp. 12.20 2 
COLEOPTERA: HYDROPHILIDAE 
Hydrophilid larvae E t 
Berosus sp. larvae 3 1 
Hydrochus sp. Ió 1 
Helochares australis I6 1 
COLEOPTERA: DYTISCIDAE 
Sternopriscus sp. 3 ] 
LEPIDOPTERA: PYRALIDAE 
Pyralid larvae 6,15,16,20 4 
TRICHOPTERA: LEPTOCERIDAE 
Triplectides sp. 2.4.9.16.21 5 
Juvenile leptocerid 18 1 
TRICHOPTERA: ECNOMIDAE 
Ecnomus pansus 16 l 
TRICHOPTERA: HYDROPTILIDAE 
Hydroptila acinacis 16 1 
DIPTERA; CHIRONOMIDAE: TANYPODINAE 
Procladius sp. 1,3,4,6.7,11,12.13.14.19,20 lI 
DIPTERA: CHIRONOMIDAE: CHIRONOMINAE 
Chironomus cloacalis 15,17,18 3 
C, duplex 12.13 2 
Dicrotendipes sp. ae 2 3 
Chironomus tepperi 1,2.4,11,14,15 6 
Cladopelma sp. 3 Í 
Kiefferulus intertinctus 4.10,11,14,20 5 
Polypedilum sp. 1,2,18,19 4 
P. nubifer 3,4.13.14 4 
Parachironomus sp. 4,6.8,9,10.14,19,21 8 
Cryptochironomus sp. 3,20 2 
Cladotanytarsus sp. 4,8.9,10,16,17,19,20,21 9 
Tanytarsus. sp.4 19 j| 
T. barbitarsus 1,2,4,11.21 5 
DIPTERA: CHIRONOMIDAE: ORTHOCLADIINAE 
Corynoneura sp. 4 l 
Cricotopus sp. 1.3.4.8.9,10.16. p 9 
C. albitibia 3,4,8,9. 10. 16,19,20,2 9 
Limnophyes sp. 2:4.16,20 4 
Parametriocnemus sp. 4 1 
DIPTERA: CERATOPOGONIDAE 
SR” vp.) 3.10.11.12.13.15 6 
SR sp.6 11,13,14,16,19 5 
SR sp.8 3 I 
SR sp.16 14 I 
SR sp.I8 7,13 2 
DIPTERA: PSYCHODIDAE 11,12.13.14 4 
DIPTERA: STRATIOMYIDAE 4.10,11,14. 15,20 6 
DIPTERA: TABANIDAE 4 I 
DIPTERA: SCIOMYZIDAE 8,16,19 3 
DIPTERA: EPHYDRIDAE I,7.11.12,13,15 6 
DIPTERA: MUSCIDAE 4,6,7.1 4 
DIPTERA: CULICIDAE 3,10,11,13.14,15,20 7 
DIPTERA: DOLICHOPODIDAE 1,13 2 
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more saline wetlands, The fraction of TOC represented 
by DOC varied Irom 39-50% at KATS and KALIN to 
97% al RAMLIS, 


Pesticides 
Nu pesticides were detected in any of the water 
samples (detection Him of 0.02 igl.!). 


Chlorophyll! concentrations 

The concentration of chlorophyll was high at most 
wetland sites (Table 4). indicating that significant 
phytoplankton production was occurring during the 
sampling period. Chlorophyll g concentrations varied 
considerably among wetlands, ranging from 1.2 ugL' 
at LCARIG to 255.8 ugl.' at RAMLIS. Chlorophyll p 
followed a similar trend. 

Chlorophyll concentrations also varied markedly 
within wetlands. The most noted difference occurred 
at Ramco Lagoon where chlorophyll o ranged [rom 
9.8 pol.’ at the more sheltered western site 
(RAMLI3) to 2558 ugL.' it the exposed, downwind 
site (KAMLIS). Similar trends occurred at Pilby Ck, 
Devon Downs Nth. Kiturapko Evap. Basin, and 
Dishers Ck Evap. Basin. where differences in the 
morphology of the wetland, water flow, und the 
dominant wind dircetion may result in large variations 
in chlorophyll concentrations within wetlands. 


Aguaric invertebrauw composition 

Seventy-eight aquatic invertebrate laxa were recorded 
from the 20 sites (Table 5). Insect taxa predominated 
(69%), and the most diverse component of the fauna 
were dipternns with 32 species, including 19 species 
of chironomids. Crustacea contributed 18% and 
Gastropoda 6% of the total taxa recorded. 

Ostracod taxa were the most widespread (16 sites), 
followed by Micrenecta robusta-M. gracilis (15). 
calanoids (15). Paratya austradiensts (44). oligochactes 
(12), cyclopoids (13, Procladius sp. (1) and Physa acuta 
(10). In contrast. 34 taxa were recorded from only one 
site, 

The taxonomy for many invertebrate groups is 
incomplete (Williams 19806; Campbell 1981: Bennison 
ef al. 1989), making it difficult 10 assign some 
specimens below the generic or tamily level. 
Consequently, not all taxa were identified to species. 
which underestimates the species composition. and 
richness of some sites. 

LCARI6 had the highest species mehness with 30 
taxa and DISCT the lowest with 7 taxa, Considerable 
variation occurred within wetlands, particularly Lake 
Carlet where 11, |l and 30 taxa were recorded from 
the three sites sampled, Of the wetlands that were: 
sampled from more than one site, Lake Carlet was the 
mast diverse with a total of 36 taxa. followed by Ramco 
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Fig. 2, Dendrograim produved by Sorensen's similarity 
caefficients ol 20 sites based on the aquatic invertebrate 
data. 


Lagoon (29), Devon Downs Nth (25), Katarapko Evap. 
Basin (23), Pilby Ck (18). and Disher Ck Evap. Basin 
(14). 


Groupings of the sites 

Cluster analysis initially separated the sites inte two 
main groups that generally correspond to more saline 
wetlands with TDS concentrations > 1000 mgL ! and 
less saline wetlands with TDS «1000 mgL ! (Fig. 2). 
Exceptions included the clustering of the saline 
anabranch PILCI and sites from Katarapko Evap. Basin 
with the freshwater group, and DISC6 and RAMLI2 
with the more saline wetlands. 

Within the more saline group. sites from within the 
same wetland were more similar to each other thun 
sites from different wetlands. In the freshwater group. 
however, sites Tron the same wetland did nan 
necessarily cluster together. indicating that some 
heterogeneity existed within some wetlands (e.g. Devon 
Downs Nth). 


Multivariate analyses 
The DECORANA ordinations of the samples are 
illustrated in Fig, 3, and show the centroids for euch 
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AXIS 1 


Fip. 3. DECORANA ordination of sites based on the aquatic 
invertebrate data, with TWINSPAN groups superimposed. 
{Bjzenvalues; Axis 1 = 0.46. Axis 2 = 0.28, Axes in 
standard deviation units). 


of the 20 sites (i.c, the average score for each axis). 
Superimposing the TWINSPAN groups onto the 
ordination plots results in two groups that also 
correspond to more saline wetlands with TDS 
concentrations >1000 mgL ! and freshwater wetlands 
with TDS < 1000 mgL.!. This trend was confounded 
by the inclusion of sites from Katarapko Evap. Basin 
in the freshwater group, and DiSC6, RAMLI2 and 
DEVD20 in the more saline group. 

The two sites from Pilby Ck were outliers on the 
ordination analysis and tended to "compress" the other 
sites on the second ordination axis. Deletion of these 
sites from subsequent analyses did not alter the 
onentalion or spacing of sites appreciably, so the 
original results based on all sites are presented herein. 

The projection of sites onto the first ordination axis 
is shown with their TDS concentrations in Fig. 4a. 
Sites to the left were characterized by having freshwater 
with TDS «1000 mel” and were connected lo the 
River Murray (Table 6), These included the permanent 
flood plain lakes and swamps. and two sites from 
regulated wetlands. The freshwater site from Pilby Ck 
also grouped with the other freshwater wetlands despite 
being isolated from the main channel when sampled. 
Sites with TDS concentrations between 
1000-2999 mgL? formed intermediate groups. 
Katarapko Evap. Basin and Disher Ck Evap. Basin 
(DISC7) were connected to the River Murray through 
their regulating structures when surveyed, while Clover 
Lake was isolated duc to its location high on the flood 
plain. Sites to the right were saline with TDS 
73000 mgL! and were isolated from the River 
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Fig. 4, Scatlergram of DECORANA ordination from Fig. 3 
showing TDS concentration recorded at each site. 
(a) Axis | vs TDS (b) Axis 2 vs TDS 
The groups enclosed in dotted lines are described in the 
Classification of sites in Table 6. (Ordination axes in standard 
deviation units, TDS in mgL*. LCAR 17 and LCAR 19 
ainitted due to absence of chemical data) 


Murray. These included the western reach of Pilby Ck 
(PILCI) and Ramco Lagoon in one group, and the 
hyper-saline Berri Evap. Basin in the most extreme 
group. 

The same general pattern resulted when the points 
from the second ordinanon axis were plotted against 
their TDS concentrations (Fig. 4b), although PILC2 
split from the other freshwater wetlands, and the two 
intermediate groups merged together. 

Superimposing the nutrient data onto the ordination 
plots revealed a similar. though less distinct, gradient 
between wetlands with/without any connection to the 
River Murray. TP showed increasing concentration 
with isolation from the River Murray along the first 
ordination axis, but no interpretable pattern for the 
second axis. The remaining physico-chemical variables 
displayed no obvious pattern along either axes. 
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TABLE. 6. Classificarirm of wetland sites based on their TDS concentration and connection la rhe River Murray. 


TDS (mgl t) Ü - 999 000 - 2999 3000 - 9999 10000 > 
Fresh Waters Saline Highly Saline 

Connected tu 4.6.12 1619.20.21 789.10 - 

River Murray (GROUP A) (GROUP C) 

Isolated. from 2 3 1.13,14.15 i 

River Murray (GROUP B) (GROUP D) (GROUP E) (GROUP F) 


The TWINSPAN classification (Fig. 5) describes a 
similar pattern to the ordination results and highlights 
the indicator taxa that are unique to cach grouping. 
The freshwater group was characterized by (hie dipteran 
Cladotanytarsus sp. and the shrimp Puratya 
australiensis. The more saline group was distinguished 
by the presence of the dipterans Procladius sp.. 
Ephydridae and Culicidae. 


Discussion 


Water chemistry 

Like most inland waterbodies in Australia, all 
wetlands included in the present study were dominated 
by sodium and chloride (Williams & Wan 1972). The 
differences in ionic concentration and dominance 
between. wetlands were largely the result of dilution 
and concentration, The freshwater group were 
permanent waterbodies connecicd to the mainstream, 
where water level fluctuations are less extreme than 
in the more saline group of isolated wetlands. The 
regulated wetlands, ephemeral swamp. and saline reach 
of the Pilby Ck anabranch had higher salinities due 


Cladotanytarsus sp, 
Paratya austelionsis 


to the effect of evapoconcentration. Seepage of saline 
groundwater and the inflow of saline irrigation water 
also added to the high levels of dissolved salts in the 
evaporation. basins and Ramco Lagoon (Unpubl. 
E. & W.S. Dept records). Recent and proposed 
changes in the management of these wetlands by the 
use of out of the flood plain evaporation basins (e.g. 
Noora, Stockyard Plains) and groundwater interception 
schemes, should lead to a reduction in salinity of these 
wetlands in the long-term, We should note, however, 
that mean salinity levels would probably need to be 
reduced to at most 4000 mgL! before significant 
changes m the biota of these wetlands would be evident 
(see Centre for Steam Ecology 19891 for references). 

Comparison of TP and TKN concentrations recorded 
in this study (Table 2) with Wetzel's (1975) classification 
of lake productivity (after Vollenweider 1968), reveal 
that the 10 wedands were eutrophic or hyper-eutrophic 
with respect to TP, and meso-eutrophic or eutrophic 
with respect to TKN, Levels of DRP and 


4Centre for Steam Ecology (1989) "Biological Effects of 
Saline Discharges to Streams and Wetlands.” (Chisholm Inst. 
Tech., Unpubl. Report for Salinity Bureau, Viet.) 
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Fig. 5, TWINSPAN classification of sites based on the aquatic Invertebrate data. Indicator species names are included with 


each dichotomy, 
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NO,-N. however, were generally low, suggesting that 
Most of rhe nutments were im particulate forms thal muy 
be unavailable ia phytoplankton (Smith 1882; Geddes 
I984a), 


Nutrient concentrations of the wetlands reflect those 
in the lower River Murray. Values of TP, DRP, TKN, 
and NO,-N Were within the ranges reported from 
Lock 5 to Murray Bridge (MacKay eral 1988) with 
some exceptions, These included the higher. TP 
concentration from Clover Lake and the higher TKN 
cancentrations from Berri Evap. Basin, Clover Luke, 
Ramco Lagoon and Katarapko F vap, Basin These ure 
shallow and/or repululed wetlands subject to 
considerable evaporation, resulting in high 
cenventrations of nutrient: and dissolved Salts by 
evapoconcentradt on, 


Cumpansen of nutrient levels with other wetlands 
fromthe River Murray ts difficult 4s row studies have 
been published im the chenusiry of these waters. Shicl 
URU reported tlie tren concentrations from three 
billabongs near Wodonga during 1975277, and found 
thal nitrate varied from 2-688 mg N mr. and 
phosphate from 1-624 mg P n". Nutrient: Jewels 
trem Luke Alexandrina (Geddes. 168340, Lake Hume 
and Lake Mulwala (Walker & Millman 1977: Bryraner 
1982), Murrumbidgil Swamp and Lake Merrimaject 
(Briggs e al. 1985) were ull within Shiel's ranges, 
Large Nuctuations in nutrient concentrations were 
recorded from cach wetland. In the present study, 
nitrile and dissolved phosphate concentrations were 


liw compared co Shiel’s (1980) values. Law levels of 


inurpanie nitrogen relative 10 the high TKN 
concentrations indicate that N was either present in 
MWe sedinients of had been assimilaced hy 
phytoplankton. The high chlorophyll concentrations 
(Table 4) Hon nist sites support Ihe latter suggestion 
Based on Wetzels (1975) chlorophylla categories. 
LCARIG. DEVD2I, RAMLI3 and DEVD20 were 
meso-culrophic, whereas ihe other sites were eutraphic. 
Although meaningful critical concenteations nl 
nutrients have not been defined for Australian waters 
(Wood 1975; Cullen 1986), the flood plain wetlands 
included in the present survey were clearly enriched 
im bulh N and P Future work will determine whether 
the high levels of muriients and algal biomass. ine 
sustained. as this could result in the alterauon of 
phytoplankton cunimünities I favour nuisance species 
of «vanobaeteria (Walker & Hillman 1977], 


Aquatic imvertebrines 

The aquatic invertebrate fauna was diverse (table 
3) considering the small nember ol samples collected 
amd that simpling occurred during the cool, wet 
manths of May-June At least 78 taxa were recorded 
roni (he 10 wetlands, with insects und crustaceans 
duninating the invertebrate cemmunities ul every site. 


The majority ol insects were dipterans (32 nixa). 
hemiprerans 17) and culcopterans (6), Sues trom the 
permanent. freshwater lakes and swamps (LCARIG, 
LMER4 and WONLI8) had the most taka, while 3 
permanent regulated wetland (DISC7) had the least. 

The itnpublished database compiled by Thompson 
(1986) contains remarkably few records (T invertebrates 
and aquatic mucrophytes from the wetlands included 
i his study. This was probably due. in part. to the 
high Hows nf very turbid warner From ihe Darling Rivet 
into the River Murray ut the end ot 1983 (MacKay er 
ol. 1988), resulting in most wetlands being turbid when 
sampled by Thompson in 1983-4. Apart from noting 
ostracods Irom DISCT. no new data could be derived 
rom thas database. 

Lloyd er ol. (1984)! Collected TI aquatic invertebrate 
tuna during a 12 month study of the fluctuations in the 
aquatic imvenebraie eomnunities and water chemistry 
ot three wetlands, including Bern and Disher Ck Evap. 
Basins Comparison of results fron the same time ol 
the year show that the fauna and water chemistry have 
not changed appreciably ar BERBI. while the anic œl 
manipulacion of water levels in DISCS led to à lawer 
salinity and i more diverse fauna in the present study. 
A tal of 28 taxa were found ar BERRI by Lloyd e/ 
ui (1984). with 12 faxa being recorded during May 
I984, The same faunal assemblage was present during 
May 1990, with the addition of Afrochilionio australis, 
Daphnopsis pusilla. and Micronecta: rabusta-M. 
gracili. OF the 35 taxa recorded from DISCÓ in the 
eurlier work, only four were found during May 084. 
In May 1990. 1] species were collected, dominated by 
crustaceans and dipterans, Future work will determine 
whether the seusonal Trends described by the earlier 
study are maintained. This will provide a useful means 
of predicting how conservative are the diflerent 
parameters that were mensured in (hese evaporation 
basins, and establish à database upun which any 
changes in the management of these wetlands can be 
compared, 

Lloyd & Boulton (1990) recorded 96 jiwcroimver- 
tebrale taxa during à recent short-term survey of 13 
wetlands fram the Chowilla flood plain. Wetlands were 
sumpled us river levels fell in October 488 As in the 
present study, Most tita were insects. with drpterans 
14] taxa) dominating the Fauni. Few crustaceans were 
collected. partly becuuse a larger meshed dip net was 
used and did nor sample the tmicravrustaecans, The 
mayor difference in the fauna between the two studies 
Was the large number of beetles (22 taxa) recorded by 
Lloyd & Boulton (1990), Dytiscids and bydrophilids 
ate roost commonly collected during spring-summer 
from most inland waterbodies (Matthews 180, 1982), 
with shallow temporary wetlands often having a variety 
of species (Lloyd & Boulton 1990, pers, obsv.), The 
(ining oF cn survey may uccounl for the Rewer species 
of beetles reeves, 
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Conparison of the Taunal communities al the 20 sies 
using DECORANA ordinauon (Fig. 4 and Tuble f) 
illustrated the inportanee of connection ta the River 
Murray on both the water chernistry and aquatic 
invertebrate assemblages, Wetlands/sides wilh chines 
connection to the River Murray were charucterized by 
low. salinities (TDS concentration <1000 maL 'i. 
generally low nutrient concentrations. and the presence 
ol the dipierin. Cladoeitarsus sp. and the shrimp 
Puratya eustriliensix. Wetlands/sites that were isa)ated 
from) (he mam channel formed a secund group. 
characterized by higher salinities (TDS concentration 
> 1000 mgl- '} tugh nutrient concentrations, und the 
presence of dipteran larvae such as Procladtis spa 
Ephydridae and Culicidae. 

Ihe sites misallocuned by the anulyses deserve special 
mention. Hydrolegiesl manipulations of three regulated 
wetlands, prior to Ihe survey, conlounded the salinity 
gradient. Katurupke Evap. Basin. Disher Ck Tevup, 
Basin, amd the inlet site at Rameo Lagoon. were 
receiving water from the River Murray when sampled, 
as cheir regulating structures had been opened twa, 
seven und M) days respectively, prior 10 sampling 
(Unpubl. |. & W.S. Dept records). Sulinny readings 
tiom these wetlands indicate that some mixing and 
tiluna had occurred in Katarapko Evap, Basin and 
Dishec Ck. Evap. Basin (Unpubl, E. & W.S. Dept 
reawdsi. while hule to no llushing had occurred 
beyond the inlet/outlet site at Ramco Lagoon (Table 
2), this appears to have altered the fauna of Katarapko 
Evap. Basin to resemble a more Treshwater assemblage 
ob mvertebrates, Sites from Disher Ck Evap. Basin und 
Rümco Lagoon, however, retained invertebrate 
assemblages typical of the more saline sites^werlands. 

Ihe high nutrient conceniriliuns. recorded ul 
DEVD20 may have contributed to an gssemblage nf 
invertebrates typical of saline conditions, despite having 
à TDS concentration of only 360 mgl '. This site was 
heavily grazed by sheep, with the stock having direct 
iecess to the waterbody, Biological decomposition of 
the ninure in the water could have produced the high 
NH, concentration, which would then oxidise to 
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NON by bacterial uction IB;iyvly & Williams T9731. 

Sites (rom Pilby Ck tended to form outlier positions 
in the daw analyses. emphasizing a difference in the 
tauna fram this snabranch compared with the other 
wetlands, Pilby Ck is à small anabranch in the Chowilla 
region, characterized by narrow banks with River Reid 
Gams extending over the water. As nonc ol the other 
wetlands resembled (his macrohabitat, the 
distinetiveness of this wetland within the analyses was 
not remarkable. The cuuseway across Pilby Ck has 
clearly reduced the water quality of the western reach 
to füvour organisms adapted to suline, organically 
enriched conditions. Placement of a culvert with a 
regulator under the causeway would provide a sunple 
means of manipulating water levels to reduce the 
salinity and nutrient concentrations of the western 
reach 

These are the preliminary results of an ongoing studs 
ef che water chemistry and biota of ood plain wetlands 
in South Australia. They provide an initial database 
and demonstrate the influence of the River Murray on 
the waler chemistry and aquatic invertebrates of the 
wetlands sampled, Future work will describe the 
influence of season. flow and regulation on the 
limnology of some ol these wetlands, and provide 
zuilelines for the management of weuands throughout 
the Murray-Darling food plain. 
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